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1st Editorial Decision 15 July 2009
Thank you for submitting your manuscript for consideration by The EMBO Journal. I have received the final report from the three referees asked to evaluate your manuscript and I enclose their comments below.
As you will see from their reports the referees express interest in the BicD -CHC interaction and its role in synaptic vesicle recycling, however, they would like you to provide some further insight into what role the proteins are playing in the cycle. As referee #1 states there are a number of ways the current study could be extended and s/he makes several suggestions and notes that not all need to be addressed, although all the referees would like to see an extension of TEM data, which could be very important. Given the interest in the study should you be able to address the referees concerns we would be happy to consider a revised version of the manuscript. I would like to remind you that it is EMBO Journal policy to allow a single round of revision only and that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your revisions included in the next, final version of the manuscript.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely,
Editor
The EMBO Journal
REFEREE REPORTS
Referee #1 (Remarks to the Author):
In the present manuscript, Li et al investigate the role of Bicaudal D (BicD) in the nervous system of Drosophila melanogaster. The authors describe that one of the main effects of the zygotic loss of BicD in Drosophila is reduced locomotion (Fig. 1) . Interestingly, the defects in locomotion are restored by ubiquitous or pan-neuronal overexpression of BicD. Locomotion defects are also partially rescued by expression of BicD in motor-neurons. These results suggest that BicD is indeed required in neurons, where it plays a previously uncharacterized role, in addition to its other functions in different tissues and developmental stages.
To understand the nature of BicD function, the authors perform an interactor hunt, in which they identify clathrin heavy chain (Chc) as a novel, abundant interactor of BicD (Fig.2) . The biochemical interaction is convincing. Furthermore, they proceed in characterizing in greater detail this interaction by mapping the interaction domains of Chc and BicD by yeast two hybrid analysis. Then, the authors attempt to verify the functional significance of the BicD-Chc interaction by investigating in paralysis assays the genetic interaction between BicD with either shibire or endophilin, which are involved in clathrin mediated endocytosis (Fig. 3) . Moreover, they observe that a significant portion of Clathrin colocalizes with BicD within synaptic boutons at larval NMJ (Fig. 4) . Intriguingly, in the absence of BicD, Clathrin is dramatically enriched and mislocalized within synaptic boutons, since it is excluded from the plasma membrane. Therefore, the authors conclude that BicD controls the appropriate localization of clathrin through their physical interaction (Fig. 4, Fig. 5 ). On the other hand, many other markers that are indicative of synaptic vesicles and additional membrane compartments are unaffected. In time lapse in vivo imaging, it is further revealed that clathrin and BicD positive punctae are transported along microtubules in the synaptic boutons. This process is disrupted in the absence of BicD. As a result, a large percentage of clathrin positive punctae are immotile in the synaptic boutons of BicD mutant larvae. Lack of BicD does not result in mislocalization of many endocytic proteins and does not lead to overt ultrastructural changes in the synaptic boutons.
The function of BicD in neurotransmission is further tested by more sensitive electrophysiological and FM1-43 uptake assays. In this set of experiments, it is established that BicD regulates synaptic vesicle recycling. BicD does not affect the internalization of vesicles, as judged by FM1-43 loading assays, in different protocols, such as high frequency (10Hz)-3min loading, low frequency (1Hz)-30 min loading and high potassium (90mM) induced depolarization -5 min loading. BicD does not control the size of the spontaneous "mini" responses. Therefore, BicD does not affect endocytosis. However, BicD is crucial for sustained neurotransmitter release in high frequency stimulation protocols, similarly to endocytic mutants. The reduction in neurotransmitter release under conditions of intense stimulation may be due to defective recycling of the synaptic vesicles of the readily releasable pool, as shown by FM1-43 dye uptake assays, using high potassium based unloading protocols. Interestingly, in the above assays, BicD regulates the rate of release of the internalized vesicles, suggesting that it plays a role in exocytosis of synaptic vesicles. However, the amplitude of the evoked responses during low frequency stimulation at physiological levels of external Ca2+ concentration is surprisingly unaffected. Therefore, the role of BicD in exocytosis is auxilliary and especially important during intense activity. The requirement for BicD is overcome by the overexpression of Endophilin, which leads to acceleration of the synaptic vesicle cycle and enhanced delivery of synaptic vesicles for subsequent release. On the basis of these results, the authors discuss interesting possibilities. For example, they refer to the possibility that BicD might affect the uncoating of the vesicles, which however they consider unlikely based on their EM data. The authors suggest that either BicD affects the translocation of clathrin to the periactive zones of endocytosis, so that Clathrin is ready to coat the internalized vesicles at an efficient degree during intense activity. This appears unlikely. Finally, BicD may control the sorting of clathrin associated endocytic vesicles through internal compartments to their final sites of exocytosis. The latter appears to be most likely explanation. In summary, there are still many possible functions, and I feel that more evidence should be provided to distinguish between these possibilities. I would argue that lack of BicD causes a cytoplasmic accumulation of clathrin that maybe toxic by interfering with clathrin uncoating and/or endosomal function and/or sequestering a component required for SV release.
The discovery of the role of BicD in the nervous system and its interaction with clathrin, as well as the accumulation of clathrin within synaptic boutons of BicD mutants and the diminished motility of clathrin positive punctae are interesting observations. However, these observations do not clarify adequately the role of BicD-Clathrin in synaptic vesicle cycling. In my opinion, additional experiments need to be provided.
Below is a list of questions and comments. I do not expect an answer to all questions but it seems that some more effort should be put in trying to determining what is going on. The TEM is very informative and a detailed documentation of what is observed is really important. Also, a few additional electrophysiological assays may greatly help the authors interpret their data.
Specific comments:
1) Figure 1 is very important for establishing the role of BicD in the nervous system. Therefore, I recommend it should be enriched with the findings of Supplementary Figure 1 , so that the novel Egl-independent role of BicD is further emphasized. I also suggest that since the defect in locomotion is largely rescued by the overexpression in motorneurons, the authors should integrate the results from the morphometric analysis at the NMJ, accompanied by appropriate photographs.
2) The interactions with proteins/genes that affect the SV cycle are likely to exacerbate the phenotypes and cannot be used to argue in which part of the cycle they function: it is after all a CYCLE.
3) Is the 10 Hz "run down" rescued by neuronal overexpression of BicD? This would exclude any postsynaptic involvement of BicD in synaptic depression.
4) The authors should overexpress clathrin using ELAV/UAS/Clathrin to determine if this mimics their phenotype.
5) The "run-down" could also be due to a mitochondrial defect. Are mitochondria normally distributed in BicD mutants? Mitochondrial defects could be related to reserve pool mobilization (see drp1). The FM1-43 assays have been performed do not excluded defects in reserve pool mobilization, although they do indicate recycling defects in the readily releasable pool. Mitochondria can be assessed by the EM data that the authors have already provided. Given the importance of the TEM, it should me moved into the main paper, even if all features suggest that there is no difference between wt and mutants. The TEM photographs in Supplementary Figure 4 are of low resolution and much higher magnifications should be shown. Much greater detail can be revealed and many parameters can be quantified: mitochondria surface, # of active zones, diameter of SV, # of SV etc. These data are very important in my opinion as almost all endocytic mutants display morphological defects (extra boutons, lower SV #, aberrant size SV etc) whereas exocytic mutants most often only show aberrant distributions or densities of SV. In addition, although the distribution of synaptic vesicles within 250 nm of the active zone is not affected, the authors never report how many docked vesicles (that lie within 1 vesicle diameter from the plasma membrane near the active zones) exist in control and BicD mutant animals. This might be related to the reduced rate of release and if so, it might indicate a role of BicD in priming of synaptic vesicles. This can be assessed by the EM data the authors have generated. It would also be very informative to do TEM before and after stimulation.
6) BicD plays a role in exocytosis, as the FM1-43 data suggest. However, the authors find that the evoked responses under physiological conditions, i.e. 1.5 mM Ca2+ , are unaffected. I find this result difficult to interpret. However, if the authors assess the evoked responses under more sensitive conditions, e.g. 0.5 mM Ca2+ and/or elevated temperature, they may uncover exocytic defects.
7) The authors state that they cannot assess the rate of endocytosis in isolation. This can be done by FM1-43 uptake assays after they have been depleted from the synaptic boutons by inactivation of shibire in double mutant combinations shi-BicD. They therefore should change the text. Figure 7 interesting. It is puzzling why the authors chose to include it as supplementary Figure. It proves that both Glued and BicD occupy a regulatory role in the release of internalized vesicles, that can be suppressed by the overexpression of endophilin that accelerates the cycle.
8) I consider Supplementary
Referee #2 (Remarks to the Author):
The best characterized role for the Dynein-associated protein BicD is during oogenesis when, together with Egl, it is involved in dynein-dependent translocation of mRNAs. BicD is also required for zygotic viability as all null animals invariably die. The reason for this is less well understood. In this manuscript, Li et al. examine the role of BicD during zygotic development.
trans-heterozygous larvae devoid of maternal BicD protein from late 1st instar larvae were analyzed for tissue-specific requirements in four functions: larval locomotion, motor neuron electrophysiology, synaptic vesicle recycling and viability. They find that the ubiquitously expressed BicD protein is necessary only in the nervous system where it associates with clathrin heavy chain (Chc) to promote synaptic vesicle recycling. This newly described function is independent of Egl function.
The manuscript is of great general interest and suitable for EMBO Journal, but lacks some information and some key experiments and controls: 1) Larval locomotion: There is an apparent variability in the average speed of locomotion of BicD larvae in different sets of experiments. In Figure 1 , the speed of locomotion of BicD mutant larvae is 400 µm/s but 200 µm/s µm/s in Fig. 3B for the same mutant combination. When EndoA is overexpressed and the speed of locomotion is increased to 400 µm/s it is in fact the same as the speed without EndoA on another occasion. It is therefore important to include more independent replicas of these experiments in addition to having the n= numbers for each replica experiment. While this variability could be explained by subtle differences in temperature affecting BiD mutant survival, it casts significant doubt on the validity of the measurements, as the chance variation will influence the conclusions. BicD is independent of Egl in its affect on locomotion. In Figure S1C , the authors should compare the egl and egl -/+ to wild type (i.e. add the control measurement of wild type larvae).
2) Survival: On page 6 the authors state that BicD expression in the nervous system is sufficient to rescue lethality. The authors should state the percent survival and the criteria for measuring survival (e.g. eclosion, survival rate after 2 days).
3) BicD -Clathrin heavy chain (Chc) association and vesicle recycling: The biochemical evidences presented for the association of BicD and Chc are convincing (i.e. IPs and 2YH). However, the authors observe only a small number of punctae being co-localized within synaptic boutons and no quantification is provided. Live dual imaging of BicD and Chc was possible only in egg chambers (which are not described in sufficient detail such as the stage of development). However, egg chambers are very different from synapses, so this data is not very convincing. Given that this is one the major conclusions of the paper, it seems reasonable to ask for more convincing data to be presented, i.e. showing more conclusive evidence of colocalization of BicD and Chc. Chc is convincingly shown to be mislocalized in BicD mutant boutons (Fig 4D-E) , as is the localization of other proteins involved in membrane trafficking, which appear not to be grossly affected (Fig S30) . However, no quantification is presented for these other proteins and the micrographs are not very convincing perhaps because of their small size. The authors should revise these figures to make them more convincing.
4) The title of the paper would be more accurate if it was changed to: "BicD binds to clathrin heavy chain....."
Other minor comments:
In places, literature is cited incorrectly in the text and can be misleading, e.g. p6, Mahr and Aberle, 2006 is in the wrong place (not BicD but ok371-GAL4).
"other" neurons instead of "sensory" neurons in p.7 p.7 -IP with BicD capture "only one other prominent protein" should state "as detected by Coomasie staining" or remove the "only".
In p. 8, when referring to the levels of expression of transgenes, saying that it is low levels of expression is misleading. Because there is no quantitation of levels. So it should say that they are not overexpressing the protein.
In Fig 3B , the authors should explain whether expression of endoA in the nervous system driven by elavGAL4 has the same effect in locomotion recovery in BicD mutants as the ubiquitous expression?
In Fig. S7 , does neuronal targeting of endoA fully recover unloading of FM1-43 dye in boutons?
Reduced muscle area is associated with decrease locomotion activity in BicD. However, previous studies show that there is also a small increase in the number of synaptic boutons in mutant larvae with hyperactive synapses like e.g. eag Sh. (Fig. S1B) . The authors should explain this apparent contradiction.
Fig S4 needs labelling of structures, e.g. SV, clear scale bar, inset of enlarged images of vesicles and T-bar would be more useful than showing two micrographs of each genotype.
In Fig 3A, what is the response of single mutant BicD/+ adult flies to the temperature shift paralysis assay?
Referee #3 (Remarks to the Author):
This manuscript describes the role of Bic-D and dynein motors in clathrin-mediated endocytosis (CME) and recycling of synaptic vesicles at the fly larval NMJ. Prior studies have demonstrated a specific role for Bic-D in lipid droplet transport. A potential role in CME of synaptic vesicles is exciting. The authors showed reasonably convincing genetic and physiological data in support of this hypothesis.
However, the manuscript will be much stronger if the authors can provide more definitive morphological data at transmission electron microscopic levels. Such data may also reveal the specific step in which bic-d mutations perturbs CME or recycling. The FM uptake and depletion results also suggest a potential defect in clathrin uncoating. In other words, the slow rebound from depletion and the slow depletion of FM dye could have other reasons than clathrin-coated vesicle transport. It is generally known that clathrin coats come off rapidly at fly NMJs. If Bic-D plays a role in uncoating, this issue cannot be resolved by the current physiological or FM dye studies. Hence, it is critical to have an activity-and time-dependent EM data to address these questions. We have also performed additional controls and clarified the text as requested.
Response to these general points:
We Specific comments:
We have incorporated the information from the old Figure S1 in Figure 1 , including representative images of the nerve terminals at the NMJ.
2)
The interactions with proteins/genes that affect the SV cycle are likely to exacerbate the phenotypes and cannot be used to argue in which part of the cycle they function: it is after all a CYCLE.
We have now been more careful when discussing these results, taking care to moderate our language. We do not use the genetic interactions to make a strong case about where in the cycle BicD functions.
3)
Is the 10 Hz "run down" rescued by neuronal overexpression of BicD? This would exclude any postsynaptic involvement of BicD in synaptic depression.
We now include data using a related assay to examine the tissue-specific requirements for BicD in synaptic vesicle recycling (which was required as part of an experiment requested by reviewer 2 (see below)). We have overexpressed BicD (or EndoA) only presynaptically and shown that this fully rescues the defect in FM dye unloading observed in BicD mutants (Fig. 6H) . This argues for a major role for BicD presynaptically in the synaptic vesicle cycle. We have not repeated this particular experiment using an electrophysiological read-out but instead focussed our attention on the TEM of electrically stimulated samples (see below), which we felt was likely to be the most informative method to refine the role of BicD.
4)
The authors should overexpress clathrin using ELAV/UAS/Clathrin to determine if this mimics their phenotype.
We have done this experiment and find that FM dye uptake or release is not altered by overexpression of Chc::eGFP (Fig. S3) 
5)
The "run-down" could also be due to a mitochondrial defect. Are mitochondria normally distributed in BicD mutants? Mitochondrial defects could be related to reserve pool mobilization (see drp1). The FM1-43 assays have been performed do not excluded defects in reserve pool mobilization, although they do indicate recycling defects in the readily releasable pool. Mitochondria can be assessed by the EM data that the authors have already provided. Given the importance of the TEM, it should me moved into the main paper, even if all features suggest that there is no difference between wt and mutants. The TEM photographs in Supplementary  Figure 4 are of low resolution and much higher magnifications should be shown.
We have produced a new figure 7, including much higher magnification TEM images, and showed larger images of the old data in a new figure S7.
Much greater detail can be revealed and many parameters can be quantified: mitochondria surface, # of active zones, diameter of SV, # of SV etc. These data are very important in my opinion as almost all endocytic mutants display morphological defects (extra boutons, lower SV #, aberrant size SV etc) whereas exocytic mutants most often only show aberrant distributions or densities of SV. In addition, although the distribution of synaptic vesicles within 250 nm of the active zone is not affected, the authors never report how many docked vesicles (that lie within 1 vesicle diameter from the plasma membrane near the active zones) exist in control and BicD mutant animals. This might be related to the reduced rate of release and if so, it might indicate a role of BicD in priming of synaptic vesicles. This can be assessed by the EM data the authors have generated. It would also be very informative to do TEM before and after stimulation.
These are really helpful suggestions, leading to important insights that further define the nature of the BicD mutant phenotype and the possible roles of the BicD-Chc interaction. We have scored additional parameters in EM sections of unstimulated synapses and include the data for the mitochondrial number and area (p. 18; see above) and number of vesicles seemingly in contact with an active zone membrane (new Table 1). We did not observe a significant difference in these parameters between resting wild-type and BicD mutants.

We were also prompted by the reviewer's comment to examine the distribution of vesicle diameters (and its statistical significance), scored in association with active zones, in resting BicD and wildtype synapses. These data reveal a modest, but highly statistically significant, increase in mean vesicle diameter (Table 1; Figure 7G, H), similar, although slightly larger, on average in magnitude to that reported in synaptojanin mutants (Dickman et al (2005). Cell 123: 521-533). As the reviewer points out, this phenotype-together with the extra boutons observed in BicD nerve terminals (Fig. 1B)-is often regarded as part of a signature for mutations that impinge on clathrin-mediated endocytosis. We (cautiously) discuss these observations on p. 25 and p. 26, and explain how the lack of overt decrease in overall SV number in BicD mutants is consistent with the earlier findings of FM dye experiments (p. 20).
Most significantly for refining our models, the suggestions of reviewer 1 and 3 led us to perform TEM on wild-type and BicD synapses that were stimulated with high frequency electrical stimulation, i.e. when recycling defects are evident in BicD mutants by other assays (Figure 6). The results are described and documented on p. 19 -21, Table 1, Figure 7 and Figure S7B. Briefly, we still saw a modest, but highly statistically significant, increase in vesicle diameter in stimulated BicD synapses compared to stimulated WT synapses, but did not see a build-up of vesicles seemingly in contact with the active zone plasma membrane. This latter observation indicates that unlike proteins like comatose (Kawasaki et al (1998). J Neurosci 18: 10241-10249) and syntaxin (Littleton et al (1998). Neuron 21: 401-413), BicD is not required specifically for the final fusion of exocytic carriers with the active zone membrane. In fact there was a statistically significant decrease in the number of vesicles seemingly associated with the active zone plasma membrane in stimulated BicD mutants compared to stimulated controls. These findings, and others, are consistent with (but give much more credence to) the model in our previous version of the manuscript, with BicD required to stimulate the overall rate of translocation/maturation of recycling synaptic membrane following internalisation by clathrin-mediated endocytosis. This reduced rate of vesicle recycling is presumably not limiting during low frequency stimulation but only when the demand for membrane retrieval and release is high.
We did not observe any evidence for build-up of abnormal endocytic figures in contact with the plasma membrane, bulk endocytosis of membrane or densely-coated vesicles. These data suggest that the BicD-Chc interaction does not have a central role in clathrin-mediated vesicle budding or clathrin uncoating, a conclusion supported by our previous observation that BicD mostly accumulates beneath periactive zones and can be co-localised with Chc even more internally.
Collectively, we feel these data greatly help us refine and strengthen our models, and we are grateful to the reviewer for the input.
6)
BicD plays a role in exocytosis, as the FM1-43 data suggest. However, the authors find that the evoked responses under physiological conditions, i.e. 1.5 mM Ca2+ , are unaffected. I find this result difficult to interpret. However, if the authors assess the evoked responses under more sensitive conditions, e.g. 0.5 mM Ca2+ and/or elevated temperature, they may uncover exocytic defects. Fig. 6E) (WT 8.24 ± 0.96 mV; BicD 9.50 ± 3.42 mV and Dhc 9.50 ± 2.08 mV (n = 4 for each genotype) ). This result is predicted from BicD only being functional required when the rate of recycling needs to be high, and not being essential for exocytosis or post-synaptic responses. However, we feel these data are not sufficiently different from those collected in 1.5 mM calcium (Fig. 6A) to merit inclusion in the manuscript.
We should emphasise that we believed (based on mEJP data and the localisation of BicD in proximity to periactive zones) that BicD is not obligatory for the final exocytic fusion event. Instead, we favoured BicD playing a role in the rate of translocation of vesicles following internalisation, with this requirement only being limiting for release when demand for membrane recycling is high. As described above, the new EM data at high frequency stimulation provided further evidence arguing against a direct role for BicD in fusion of exocytic vesicles with the active zone. We have clarified these issues by modifications to the text.
Regarding the specific comment of the reviewer, evoked responses were only unaffected in BicD mutants during low frequency stimulation (Fig. 6A). The total amount of FM dye internalised during low frequency stimulation that was released (section filled by white in
7)
The authors state that they cannot assess the rate of endocytosis in isolation. This can be done by FM1-43 uptake assays after they have been depleted from the synaptic boutons by inactivation of shibire in double mutant combinations shi-BicD. They therefore should change the text.
We have modified this sentence as part of restructuring of the results and discussion.
8)
I consider Supplementary Figure 7 interesting. It is puzzling why the authors chose to include it as supplementary Figure. It proves that both Glued and BicD occupy a regulatory role in the release of internalized vesicles, that can be suppressed by the overexpression of endophilin that accelerates the cycle.
We have now incorporated this figure, together with new data on rescue of the BicD FM dye release defect by pan-neuronal expression of BicD and Endophilin, in figure 6H.
The manuscript is of great general interest and suitable for EMBO Journal, but lacks some information and some key experiments and controls: 1) Larval locomotion: There is an apparent variability in the average speed of locomotion of BicD larvae in different sets of experiments. In Figure 1 , the speed of locomotion of BicD mutant larvae is 400 um/s but 200 um/s in Fig. 3B for the same mutant combination. When EndoA is overexpressed and the speed of locomotion is increased to 400 um/s it is in fact the same as the speed without EndoA on another occasion. It is therefore important to include more independent replicas of these experiments in addition to having the n= numbers for each replica experiment. While this variability could be explained by subtle differences in temperature affecting BicD mutant survival, it casts significant doubt on the validity of the measurements, as the chance variation will influence the conclusions. BicD is independent of Egl in its affect on locomotion. In Figure S1C , the authors should compare the egl and egl -/+ to wild type (i.e. add the control measurement of wild type larvae). fig. 3B are more similar to those observed in fig. 1 2) Survival: On page 6 the authors state that BicD expression in the nervous system is sufficient to rescue lethality. The authors should state the percent survival and the criteria for measuring survival (e.g. eclosion, survival rate after 2 days).
We now show in figure 3B a completely new set of experiments measuring the effects of EndoA expression on locomotion of BicD mutants. These results also show a highly statistically significant suppression of the BicD mutant phenotype by EndoA overexpression. Compared to the old figure 3B, the absolute values for locomotion rate for the controls (BicD mutant and BicD -/+) in the new
We measured eclosion rate; we apologise for not being more precise. We have now included raw data and a summary in a new Table S1 .
We did have unbiased (i.e. automated in Image J) quantification of the co-localisation in boutons of signals from BicD with
Chc, compared to a control protein which is present in even more puncta (Rab7) in the legend to figure S2C . This showed the co-incidence of Chc puncta and BicD was significantly greater than that for Rab7 puncta and BicD (p < 0.0001) figure S4A and A') at a greater size, which we believe has led to a significant improvement. We state the number of boutons and preparations imaged (in the legend and supplementary methods). The subtle differences in patterns of these markers was as evident between different wild-type boutons as it was between wild-type and BicD boutons.
We have added the information about the stage of development for the data on Chc and BicD cotransport in oogenesis.
We have now shown the images of antibody stained BicD mutants and WT NMJs (now in
We have changed this, and made adjustments elsewhere in the title to meet the 100 character limit.
Other minor comments:
These errors have been corrected.
We now show the data in Fig S1C that led us to the previous conclusion and cite this on p. 7.
In Fig 3B, the authors should explain whether expression of endoA in the nervous system driven by elavGAL4 has the same effect in locomotion recovery in BicD mutants as the ubiquitous expression? In Fig. S7 , does neuronal targeting of endoA fully recover unloading of FM1-43 dye in boutons?
We now quantify synaptic vesicle recycling (the focus of the phenotypic analysis) when elavGAL4 was used to overexpress EndophilinA in a BicD mutant. These data reveal that neuronal targeting of endoA overexpression is sufficient to suppress the FM dye unloading defect of BicD (we also include data for BicD, elav-GAL4 UAS-BicD as a control) (Fig. 6H) .
Reduced muscle area is associated with decrease locomotion activity in BicD. However, previous studies show that there is also a small increase in the number of synaptic boutons in mutant larvae with hyperactive synapses like e.g. eag Sh. (Fig. S1B) . The authors should explain this apparent contradiction. (Dickman et al (2006). Curr Biol 16: 591-598 In Fig 3A, what is the response of single mutant BicD/+ adult flies to the temperature shift paralysis assay?
Synaptic bouton number is also often increased when components of the machinery for endocytosis are inhibited, although interesting this is not related to defects in vesicle release
We never observed paralysis of BicD/+ adult flies in the assay, even when further extending the time at the elevated temperature. This information was previously in the supplementary methods but is now included in the legend to figure 3A.
However, the manuscript will be much stronger if the authors can provide more definitive morphological data at transmission electron microscopic levels. Such data may also reveal the specific step in which bic-d mutations perturbs CME or recycling. The FM uptake and depletion results also suggest a potential defect in clathrin uncoating. In other words, the slow rebound from depletion and the slow depletion of FM dye could have other reasons than clathrin-coated vesicle transport. It is generally known that clathrin coats come off rapidly at fly NMJs. If Bic-D plays a role in uncoating, this issue cannot be resolved by the current physiological or FM dye studies. Hence, it is critical to have an activity-and time-dependent EM data to address these questions. (Verstreken et al (2002). Cell 109: 101-112; Verstreken et al (2003). Neuron 40: 733-748 Your revised manuscript has been reviewed once more by two of the original referees who both recommend publication pending some minor revision. Referee #1 would like to see some further discussion, which would be good to include (to what extent I leave to your discretion), referee #3 would like to see some Sup Figs in the main manuscript. Regarding the length of the manuscript, we can accommodate the further discussion without changing the rest of the text. Once these revisions are made we would be happy to publish your manuscript in the EMBO Journal.
When you send us your revision, please include a cover letter with an itemised list of all changes made, or your rebuttal, in response to comments from review. When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html Thank you for the opportunity to consider your work for publication. I look forward to reading the The authors have done a superb job addressing the concerns raised by previous reviewers. In particularly, the new TEM data following high frequency nerve stimulation showed that Bic-D is unlikely involved directly in clathrin uncoating or vesicle internalization. Together with their FM dye unloading data and with their live imaging data, I believe the authors have provided very good evidence that Bic-D plays a role in microtubule-dependent transport of synaptic vesicles. Hence, the exocytotic defect in response to high frequency stimulation is likely a result of vesicle translocation difficulties. Although one cannot still rule out other possibilities (such as activity-dependent calcium influx), I regard this manuscript a high quality and original work that is suitable for publication in EMBO.
I have only one suggestion to make. The original physiology traces are important, which should be moved from supplementary Figure S6 to be combined with Fig. 6A -B. The remaining portion of Figure 6 (i.e. C-H) should be a separate figure (a new Figure 7 , for example). Referee #1 (Remarks to the Author):
In the revised manuscript by Li et al., the role of BicD in the synaptic vesicle (SV) cycle is investigated. Li et al. have discovered that the ubiquitously expressed BicD is specifically required in the fly nervous system for larval locomotion and survival. In addition, they have identified Clathrin as an interactor of BicD through mass spec., and they have further strengthened their results by performing biochemical and yeast two hybrid experiments. Clathrin is dramatically upregulated within boutons at the NMJ, when BicD is absent. Furthermore, the transport of Clathrin appears to be impaired. Apparently, no other markers are mislocalized within the terminal. The interaction of BicD and clathrin prompted the authors to examine the role of BicD in the SV cycle. BicD mutant larvae have no exocytosis defects. However, upon sustained, intense stimulation, they exhibit a "rundown" in the EJP amplitude. This is reminiscent of an endocytic defect and is not due to problems in localization of mitochondria. Indeed, FM1-43 dye uptake is impaired, but only when FM1-43 is loaded during the very last, 1 minute segment, of a 5 minute, 10 Hz stimulation period. In other, more standard protocols, the authors observe that the release of FM1-43 dye in mutant BicD animals is defective. This problem in FM1-43 release is more pronounced upon high stimulation loading protocols and it can be overcome by prolonged potassium induced depolarization. Therefore, BicD regulates recycling of the readily releasable pool, especially at high frequency stimulation. Interestingly, neuronal overexpression of Endophilin in the BicD mutant background, which supposedly accelerates the SV cycle, rescues the FM1-43 phenotypes. Similarly to BicD mutants, dynein mutants also have decreased release, accompanied by a compensatory increase in the uptake of the lipophilic dye. To further substantiate the conclusion that BicD affects the rate of the recycling, the authors have examined the distribution of the diameter of synaptic vesicles in resting and stimulated boutons and find that in both cases, the size of the vesicles shifts subtly to greater values in the BicD mutants than in the control animals. They also discover that upon loss of BicD, there are less docked vesicles near the active zone.
The findings of the paper are interesting. It is impressive how much work the authors have performed given the subtlety of the phenotypes. They have addressed most of my previous concerns (mitochondria, ultrastructural characteristics at the synapse, etc.). However, I would like to emphasize the new data that the authors present in the revised manuscript : loss of BicD leads to reduction of docked vesicles. This observation indicates a role of BicD in docking of synaptic vesicles and may underly the electrophysiological phenotypes of BicD mutants, i.e. slow release of FM1-43 uptake, EJP amplitude "rundown". I find that the authors do not stress that enough. On the contrary, the authors still focus on the interaction of BicD with Clathrin. Although, I cannot exclude an additional role of BicD in a clathrin related process during Synaptic Vesicle cycle, I consider that the docking defect of BicD mutants is important enough that it necessitates restructuring the discussion. For example, the discussion is incomplete and a little misleading, since it is focused mostly on endocytosis and clathrin. I suggest that the authors should also comment extensively on the docking effect of BicD. In that respect, an additional figure depicting all the possible models of BicD function at the synapse is required. Thus, the readers will be able to understand the putative roles of BicD in the SV cycle.
In conclusion, I am willing to accept the manuscript for publication in EMBO Journal as long as the authors emphasize the role of BicD in docking of synaptic vesicles in the corresponding sections of results and discussion. Referee #3 (Remarks to the Author):
The authors have done a superb job addressing the concerns raised by previous reviewers. In particularly, the new TEM data following high frequency nerve stimulation showed that Bic-D is unlikely involved directly in clathrin uncoating or vesicle internalization. Together with their FM dye unloading data and with their live imaging data, I believe the authors have provided very good evidence that Bic-D plays a role in microtubule-dependent transport of synaptic vesicles. Hence, the exocytotic defect in response to high frequency stimulation is likely a result of vesicle translocation difficulties. Although one cannot still rule out other possibilities (such as activity-dependent calcium influx), I regard this manuscript a high quality and original work that is suitable for publication in EMBO.
I have only one suggestion to make. The original physiology traces are important, which should be moved from supplementary Figure S6 to be combined with Fig. 6A -B. The remaining portion of Figure 6 (i.e. C-H) should be a separate figure (a new Figure 7 , for example).
We have modified the figures as suggested.
